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Abstract Based on the CMA-MESO horizontal 3km resolution 3h cycle rapid update
assimilation and forecast system, an hourly cycle analysis and forecast system, in which the
background error correlation structure by adopting a Gaussian correlation model with 5 scales
superimposed and introducing an anisotropic correlation scale scheme is improved and the impact
of introducing global large-scale information scheme on the analysis and forecast of hourly cycle
is examined, has been established. Numerical simulations of the strong convective case in eastern
China on July 19, 2020 show that: (1) The hourly cycle absorbs more high-frequency observations
and uses the more proximate 1-h forecast field as the background field in the cycle, which
improves the quality of analysis and short-range forecasts compared to the 3h cycle; (2) The
introduction of large-scale information from the global forecast field into the hourly cycle regional
analysis can weaken the influence of regional observations, which can have a negative impact on
the forecasting; (3) The improved five-scale superimposed Gaussian correlation model and the
anisotropic horizontal correlation scale make the representation of the background error horizontal
correlation coefficients of wind variables closer to the statistical results of the samples, and thus
the analyzed fields of wind are closer to the observations in the hourly cycle, and the Composite
reflectivity and precipitation short-term forecasting of the strong convective process in eastern
China are closer to the real situation.

Key words CMA-MESO, Hourly Rapid Analysis and Forecast System, short-term forecasting,

severe convection, background error covariance
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Fig. 1 The flow diagram and schematic of hourly cycle Rapid Assimilation and Forecast

System
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Fig.2 Horizontal correlation models (a, ¢) and errors between correlation models and statistical samples (b, d)

for specific humidity and V-component

232 FEREKTFHRRER K

£ GRAPES 3DVar ", HRIRZEACTHRRE R S AL, S SRR YL A
NG i) b AN ) S (7K P 56 RUBEA LARE I 2 19 222 3l o AR ST 1 Bk 43 SR AE AN [ 7 1)
IKPAISREE, B 3 AT LA AR PATE RS R RAR TS5 s 8, s B R4 A K
FHR I R T2 10 KPR R . IR BER 17 JZBLR, 4 ) R 7S AR 5 RUBEIS
KT ZIHAFAR R TTE 17 )2 LA EAR R . AU RV R 7K PAH DG RUBE T A (]
3b), fE 40 JZUAN U XIBFEL A KT AR R B R K T 221605 10 V RIS, FEZ2 1)
RIZKPAR DR R 25 K T 261 o B T KU R &, BRI BRI TEAN T8 7 T _E (R 7KP A R R

8



50 .
45 45
40 40 4
35 351
< 301 > 30 1
ks 3
5 25 < 251
el o
o o
= 20 = 20
15 - 15 4
10 A 10 1
5 - 5
0 100 200 300 400 500 600 700 0 50 100 150 200 250 300
length (km) length (km)

B3 il (a) Hu, v (b) BI/KFAR R BERE d BRI T 1] (K384l (AL km) ,
H X FRoRgla), Y RRA

Fig.3 Horizontal correlation lengths of control variables (a) and

U/V-component (b) changes with height and direction (unit:km), X and Y denote zonal
and meridional direction

Gk LT, TE =R 5y R Gl R B (KA O % [, BITEASIE] 75 o) AR

I PR B ) TS SR Z2 /KPR S AH S, T S bR AN [R) 3R B AE 24 r) FH 22 [ (R 7K HH 5 R B0 W B 22

5], DRI AR SC S AAE 3DVar R 48 R A A4 1 AR [F B KCPHISE R 7 %« E 3DVar R4%

H, T R KT AR S B 5 A 1 () SR B VA B ORI . RS 4RSS R, 0T

F T IR, EAR X T AL 1) 5 2 IR I IRAR, R T R I 5 22 R IR K

SPAE R U T AU AR A DRI N 1e DY JA) A BB D9 % 1 [R5 AR S 51N 1) SR R 7K A

KI7%, ETELRME ARG R FACFAR R EE (B 3a), FEL AR 38

TR SR AR [T A O RUEE 5 HH O DRI R A, AT (S0 £ A 0 7 8 1 R 228 ) S A T

3 HEFRMITRRIIIELRIELSHIRE

3.1 ERMXEIRR[TIE

SCHPERXS 2020 4F 7 H 19 HARAR M X — kR U R BEAT LA, 3K R S T S 2 A
ML RE. 19 H 120TC BRI HWME 4 Fron, ATELE 1 500 hPa JE il 7 72 5 AL3h v it

9



{1 A v R A8, KV A R YR XA T v A B 7 i S ) 1 el = i IX S 850 hPa
AR AL TS, AR A S 1 L X5 R Ry e e A BBl R 2 S AR B T IR 2% (] 4a) .
250 hPa /2R M X AL 7E B R AR EUX. (B 4b). DL ERSEAG AR AR TR ARG K
&, 12-15UTC smbaEK (& 4 48 FERAEFVIZRLLIE, RRT SR XRT &

OIS \Qgiﬁ:;;::;;}977§vzg% N
NS (o)
SN

45 P NN e %/%/ ) e

R N

oSNNIV VT
x\\\.\.xxxu.ax‘:},

BN SN /??
1

115 120 125 130 135

—_
30

s Aay

105 110

S AR I IO
115 120 125 130 135

fR—
70

4 2020 4£ 7 A 19 H 12UTC 850 hPa (a) F1250 hPa (b) ff¥ (HBLE, HfI: 10gpm)
MRS AR, B4 m/s), 500 hPa i (ZL4R, Hfr: 10gpm) BAJ 12-15UTC FE/K (4r4KR,
Az mm), W YIS, W = i
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Fig. 5 Radar reflectivity (a,c) and radial velocity (b,d) at 0.5 elevation for Jiujiang at 11:57
and Quzhou at 12:01 UTC 19 July 2020
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E BN VSTLE KITEINE ]IS

Table 1. List of RAFS experiments
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Fig.6 The distribution of GTS transferred data (a) and unconventional data (b) at 00UTC
on 19 July 2020

XA BT AR IR (POULI SRS A S 026 2 Bz, 3h FEFR R H ROWLl Bk 5 Mk 55—
B, 1h FEIAR AU FORL R] T o TE A N, S8 U RV AR B 4 BT R SE
ite MR 2 LA, FE 12h fEA Be N, 8 B 2 I BER ashii st 5k 1h a3t
A 48. 51 Jitn BEkt, 3h Al 1h & 43 B AR 22 ok HR B kA2 ) AR, 1h A 3LAd
M 13,73 JTin Bkl BEJE 2T WS =3 X EL. £E 12h JEFAT BN, 3h B3P [A]
ARSIy 2k 35. 84 Jiti: HIT3Z 1h &3 RIS SE &, 1h JE3 [F] A0 R I 47
#0071, 33 Jifro Th EFREL 3h (& 32 T3 I iy 00 I B8 Rk Ay e T 4R 7 TA AR e X, R A2/
ISP OGN A SE AR P R A T B 5 v A K R B

2 CMA-MESO 3/1h FEFAMLIN B AL A FH A% 1
Table 2 Observations pieces used in 3/1 h cycling data assimilation of CMA-MESO

KT 00/12UTC 03/0609UTC FoAth sy A it 221 JSY7ig:it

3h 1h 3h 1h 3h 1h 3h 1h
TEMP 22386 25062 1183 1372 / / 23569 26434
SYNOP 78528 78189 128441 127851 / 279155 206969 485195
SHIPS 77 63 90 82 / 119 167 264
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AIREP 9888 4764 11794 5241 / 15900 21682 25905
SATOB 1381 1034 4264 3907 / 10891 5645 15832
GPSPW 1433 1411 1458 1425 / / 2891 2836
GPSREF 1587 1575 1475 1478 / 4452 3062 7505
VAD 743 1017 1265 1829 / 4557 2008 7403
WPR 1973 1973 2674 2674 / / 4647 4647
VR 34818 22283 53020 30140 / 84887 87838 137310
SRR 152814 137371 205664 175999 s 399961 358478 713331

3.4 IEEEH

7E CUA-MESO f3F 3t 12 o b F 2 4103 A ORI S 2 SR P, S
RV LIRS P T 0, TR TR AR E . RO R R Sty
VEP T ST MR BB, T 30 B IIIEIN B . B AEER T 3 A ABRA R RO
B2 () B8 B2 I T

T LR 5 BB A0 BB R T AR (B D), A IRA REETRM 3h fl 1h
RO ML A FIZE AT 3h FRoP A, REEON, BALHIACTSE . YRS ARHRAR
BEf5E, 1hNoblnd WEMMEAUEBI IR, BEEFHRI ORI R, B4
BRAC (2 L5\ HTRA 5 I WM . IhNoblndG5 B34 AT 3h TR i Hh T 0 s L
IhNoblnd Ff: 17 1hHL2D i3 b 35 51 A A BRARBE(S B, WM h Tk A o
SRR BAE T 1hNoblnd WK, 8 RN EAHSEBUR AU AISE R, I VERH K
BTG, AL 1hNoblnd W86, 4MH7H5 2 A1 b
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Fig. 7 Surface pressure tendency starting from 12UTC 19 July 2020
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RMSE of analysis with radar Vr at 4km height
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Fig.8 Standard deviation (unit:m/s) of analyses with radar velocity observations
at 4km height during cycling data assimilation
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B 9 S B AE 0 M 5 A SR KT B 2 T Rk %, a. SATOB MM U (m/s) 5 b. SATOB W
MV (m/s); c. AIREP A U (m/s) ; d. AIREP B V- (m/s) ; e. AIREP M T (KD ; f. RADAR
W Ve (m/s)

Fig. 9 Average standard deviation ( unit:m/s) of analyses with observations during
cycling data assimilation (a. U-component of satellite retrieved winds,
unit:m/s;b. V=component of satellite retrieved winds,unit:m/s; c. U-component of
aircraft, unit:m/s; d. V-component of aircraft, unit:m/s; e. temperature of aircraft,

unit:K; f. Velocity of radar , unit:m/s)
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Fig.10 Initial and convergent objective functions during cycling data assimilation
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Fig. 11 Temperature (shaded, ° C) and wind for analysis (a) and 3 hour forecast
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(b. 3h;c. 1h;d. 1hNoblnd;e. 1hNoblndG5; f. ThHL2D) at 15UTC 19 JULY 2020
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Fig. 13 Accumulated precipitation forecast from 12UTC to 15UTC 19 July 2020 (Unit:
mm) (a. observation, b. 3h, c. 1h, d. IThNobInd, e. 1hNoblndG5, f. 1hHL2D)
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